ionization (ESI). The masses-to-charge ratio is given in Daltons (Da). LCQ Fleet was
performed with 5-100% acetonitrile in water (both with 0.1% TFA) using a 18 min gradient, and the retention time of separation is given in minutes (min). Cetoni® neMESYS, 14.5 gear high-precision pumps were used for CSTR experiments, of which the outflow was collected either collected with a Bio-Rad 2110 fraction collector or imaged on an Olympus IX81 inverted microscope. Kinetic measurements for rate constant determination or analyses on the collected outflow were performed on a Perkin Elmer LS55 fluorescence spectrometer. An Agilent LC-1120 Compact LC system was used for analytical HPLC to analyse inhibitor concentrations. Aminopeptidase activity was measured and 1 U was defined as 1 µmol of L-leucine-p-nitroanilide being converted within 1 minute at pH 7.7 at 24 °C.
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S1 Synthesis
S1.1 General procedure
Our approach to synthesize the pro-inhibitor species proceeds by a standard peptide coupling of an R 2 functionalized inhibitor moiety to a R 1 functionalized di-peptide core (see Figure S2 .1).
Figure S1.1 The retrosynthetic approach to prepare the library of pro-inhibitors.
The (side-chain protected) oligo-peptides, were prepared using a standard Fmoc solid-phase peptide synthesis (SPPS) protocol on a Barlos resin, 1, 6 and used in subsequent coupling without further purification. Details of the synthesis and characterization of the inhibitor moieties are provided in S1.2.
S1.2 Preparation of R 2 functionalized inhibitors
S1.2.1 Procedure
The synthesis is depicted in Figure S1 .2 and proceeds by converting phenylR 2 amine to N-(3- 
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We varied the synthetic procedure of the three different inhibitor moieties with substituents R 2 = Me, Et, Pr, depending on the commercially available starting materials (highlighted in Figure S1 .2).
The synthesis of 4-amino methyl benzene sulfonyl fluoride (AMBSF) proceeded by chlorosulfonylation of a N-(phenylmethyl)formamide, whilst an additional protection step (formylation of 3-aminopropylbenzene) was required for the synthesis of 4-amino propyl benzene sulfonyl fluoride (APBSF). 4-amino ethyl benzene sulfonyl fluoride (AEBSF) was commercially available. 
S1.2.2 Synthesis and characterization
4-(3-formamidopropyl)benzenesulfonyl chloride
Chlorosulfonic acid (6 ml, in excess) was added dropwise to the N-(3-phenylpropyl)formamide (2.5g, 15mmol) under stirring at 0 o C. Upon completion of addition, the mixture was heated to 50˚C for 2 h. The reaction mixture was allowed to cool down to room temperature and then slowly poured into ice. The product precipitates as a white solid and was collected on a filter and washed with cold water (3x20 mL).
Yield: 82%, 3.3g. The R 1 functionalized peptide core (1 eq.) was mixed with Amino-R 2 -benzene sulfonyl fluoride (AR 2 BSF, 2 eq.) in N,N-Dimethylformamide (DMF, 5 mL), in presence of N,N'-Dicyclohexylcarbodiimide (DCC, 1.1 eq.), 1-Hydroxybenzotriazole (HOBt, 2.5 eq.) . We omitted a base from the standard procedure 42 to supress sulfonyl fluoride hydrolysis. The solution was stirred at room temperature, and after allowing the reaction to proceed overnight, the mixture was evaporated in vacuo.
S1.3 Preparation of the pro-inhibitors
The residue was then dissolved in ethyl acetate (EtAc), and the organic phase was washed with 10% (w/v) solution of KHSO 4 (2x), dried over Na 2 SO 4 and concentrated on the rotary evaporator. The crude product was purified by silica gel chromatography (1.5% MeOH/DCM) to yield a side chain protected proinhibitor.
The protected pro-inhibitor was dissolved in a mixture of trifluoroacetic acid (TFA)/ water/ triisopropilesilane (TIS) (95:2.5:2.5) and stirred at room temperature. After allowing the reaction to proceed, an excess of heptane was added and the mixture was concentrated under reduced pressure. The product was precipitated using diethyl ether (Et 2 O, 20 mL ].
MEG-Lys(Me)-Gln-APBSF
From MEG-Lys(Me,Boc)-Gln(Trt)-OH and APBSF, 94 mg of white solid could be obtained. Yield: 85%. 
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S2 Batch experiments
S2.1 Methods and Calibrations
We followed the reactions by quenching aliquots (15 L 
S2.2.2 Analysis of gradients and time series
For the negative feedback we followed both Tr and Act-I concentrations to determine the reaction trajectory. The gradients were determined using standard analysis tools in Origin 9.0 that allows for For the individual responses we followed the time series of the different networks using the methods described in S2.1. Figure S2 .4 show the full time series we have obtained again, in which we also followed the transient behavior of the intermediate inhibitor (Int-I) for CRNs 3 and 6. Figure S2 .4b
confirms that the rate of production of active inhibitor is identical despite the networks 3 and 6 produces the Int-I at different rates. 
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S3 Numerical analyses and determination of rate constants
At the core of all our simulations, trajectories of the individual species are calculated by numerical integration from an initial state of the system. The mathematical model is described in section S3.1, with requirements for further analyses followed in S3.2. Section 3.2 results in a set of initial conditions (x 0 , and k f ) that predicts oscillations for each individual CRN. Those conditions define the starting points of the linear stability analysis in S3.3, the attractor diagrams and experimental validation in S4 and the main text.
S3.1 Mathematical modelling
The CRNs consists of a positive feedback, and a negative feedback. These two feedback loops are depicted in Figure S3 .1 as desired reactions (black arrows). Other reactions appear as red arrows and represent the unavoidable side reactions, i.e. aqueous hydrolysis and background inhibition. 
(a) Scheme of possible reactions with black arrows illustrating the desired reactions. Red arrows illustrate unavoidable side reactions, i.e. hydrolysis of inhibitor species and background inhibition of trypsin by intermediate inhibitor (Int-I) and the active inhibitor (Act-I). Enzymes involved in the system are Trypsinogen (Tg), Trypsin (Tr) and Ap is aminopeptidase M (Ap).
The stoichiometric reaction network of the scheme in Figure S3 .1 is summarized in Table S3 .1. The modifications on the Pro-I influences specific rate constants in reactions 2,4,6,7, and 9. All other rate constants remain unchanged under the variation of the Pro-I's. 2 Pro inhibitor 2 activation:
Trypsin inhibition by active inhibitor: Tr + I → Tr-I k Side reactions r 5 Trypsin inhibition by intermediate inhibitor:
Trypsin inhibition by pro inhibitor:
Hydrolysis of active inhibitor:
Hydrolysis of intermediate inhibitor:
Hydrolysis of pro inhibitor:
Trypsinogen autocatalysis: Tg + Tg Tr + Tg k S3.1.1 provide methods and summary of the substituent-dependent rate constants, followed by an overview with the standard kinetic parameters in the enzymatic reaction networks in S3.1.2. The set of ordinary differential equations (ODEs) describing the reactions in Table S3 .1 is obtained by deriving an equation for each of the species in the network using mass-action and Michaelis-Menten kinetics see (S3.1.3).
S3.1.1 Substituent dependent rate constants
Rate constants were determined experimentally by using fluorogenic assays identical to the method described in S2.1. The analysis thereafter consists of a fitting the obtained data points to a function corresponding to the order of the reaction. In here, we considered reactions to follow a bimolecular mechanism. The method is slightly different in case of enzymatic reactions, which were followed at several substrate concentrations. This allowed for the construction of a Michaelis-Menten or LinweaverBurk plot.
For the measurement of the activation rate constant (k act ), enzymatic conversions of all compounds with an ethyl inhibitor were investigated using kinetic studies in previous research and summarized in Table S3.2 
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We summarized the substituent dependent kinetic parameters in Table S3 .2: 
S3.1.2 Summary of the kinetic parameters in the enzymatic networks
The kinetic parameters that are required for our model of the reaction network were obtained from previous studies and are summarized in Table S3.3: 31 
S3.1.3 Ordinary differential equations
In the mathematical model, the rates of concentration changes are based on the following assumptions:
1) The reactions occurring in the network can be based on the individual reactions of which the kinetics were studied (see Table S3 .1).
2) In accordance with literature [3] [4] [5] , conversion of trypsinogen to trypsin occurs via enzymatic reaction in presence of trypsin (autocatalysis) and a bimolecular autoactivation.
3) The enzymatic conversion of H-Gln-Inh to Inh by aminopeptidase is assumed to follow Michaelis-Menten kinetics. Other enzymatic reactions cannot be assumed in a similar way since the concentration of trypsin varies in time. For these reactions, the forward and backward rate constants in K M are optimized in previous studies. 6 4) Aqueous hydrolyses and inhibition are considered to be irreversible reactions.
5) The substituent dependent kinetic parameters affect only rate constants k , k and k . The influences on rate constants in background reactions (k
and k ) are assumed negligible based on studies in (see S3.1.1).
The differential equations of the full model were deduced from the reaction mechanisms listed in Table   S3 .1.1. The full network in presence of the continuous in-and outflow of the species in the network is:
These equations were implemented in MATLAB and COPASI and solved numerically using available integrators.
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S3.2 Computational Analysis
S3.2.1 Identification of key characteristics in oscillations
We analysed the key characteristics (such as periodicity and amplitudes of oscillations) of the simulated steady state behaviour using a classification-algorithm. Figure 3. 3 illustrates how the algorithm identifies three characteristic regimes for an oscillating CRN using trypsin time series; first peak (yellow), a damped (green), and a sustained regime (blue). In here, the output of each simulation is assessed by the algorithm that searches for local maximum-minimum-maximum (mmm) patterns (visualized in the insert of Figure   S3 .3). The overall response is considered a sustained oscillation (blue) when at least three consecutive mmm patterns shown no difference (within defined confidence interval) to their neighbors. A mmm pattern that show differences in at least one neighbor is classified as a damped oscillation (green). The peak appearing in the first 5 hours of the simulated time series are classified as first peak.
The script now allows us to characterize which steady state is reached depending on the initial conditions settings. The time series in the algorithm are ran for 300 hours, after which we applied the following constraints to classify the responses:
-Response that shows a sustained regime is classified as sustained oscillations.
-The response is classified as damped oscillations, if the amplitudes of the oscillations in the sustained regime do not exceed an arbitrary threshold of 1M.
-Result is classified as a batch response, if the first peak is not followed by the damped regime within a realistic timeframe of 20 hours. 
S3.2.3 Fitting the decay into limit cycle oscillations
We analysed the simulated relaxation dynamics in more details using a fitting-algorithm. Below we provide the source lines of codes that were modified within the loop of previously reported wave classifier. CSTRs are prepared by covering a brass cylinder and a bent copper tube with a mixture of 9 wt% Sylgard® 184 silicone elastomer curing agent crosslinker in Sylgard® 184 silicone elastomer base, which is degassed under reduced pressure. After polymerization of the elastomer mixture at 65 °C for 2 hours PDMS is formed. Then the brass cylinder is removed, leaving a cavity that would serve as the reactor.
Holes for the in-and outlets are punched into the PDMS, and the reactor is bonded to a glass surface via oxygen plasma treatment. Then, the reactor is put to 100 °C overnight. Finally, Teflon tubing with appropriate inner diameters (0.56 mm for inlets, 0.38 mm for outlets) is inserted into the punched holes, and silicon tubing is connected to the copper tube to enable a connection to a thermostatic water bath.
Four glass syringes were loaded with trypsinogen (8 mg/mL, 338 µM in 4 mM HCl, 36 mM CaCl 2 ), trypsin (27 µg/mL, 1.16 µM in 500 mM Tris-HCl, 20.5 mM CaCl 2 , pH 7.7), pro-inhibitor (five times the desired final concentration in the CSTR, which varies, in 2 mM HCl), and aminopeptidase (ten times the desired final concentration in the CSTR, which varies, in 10 mM Tris-HCl, 10 mM MgCl 2 , pH 7.7), and connected with tubing to the four inlets of a 118.2 µL polydimethylsiloxane (PDMS) reactor.
Fractions of the total flow rate were 0.5 for trypsinogen, 0.2 for both trypsin and pro-inhibitor 2, and 0.1 for aminopeptidase. For stability purposes we add calcium to Trypsin and Trypsinogen solutions 46 .
S4.1.2 Method and calibration
Two additional glass syringes were loaded with a buffer solution (50 mM Tris-HCl, pH 7.7) and a fluorogenic substrate solution (25 M bis-(Cbz-L-Arg)-rhodamine in 500 M HCl). The outflow of the reactor was coupled to a mixing chamber of 10 L, in which the content was diluted with the buffer solution. Subsequently, the diluted reaction content was connected to a dolomite T-Junction Chip (see Figure 4 .1a), and mixed with in the fluorogenic substrate solution, to monitoring trypsin activity online.
The monitoring occurs in channels 4-6 as depicted in Figure 4a . Figure 4b shows the range of [Tr] detected in the channel (0-4 M) that grows linearly depending on the distance of the total path length in the chip. A range of 0-4 M in the detection chip corresponds to 0-15 M for typical CSTR experiments.
We screened for different exposure times, concentrations of fluorogenic substrate solution, mixing ratios of outflow, buffer, and fluorogenic solution, and concluded that the calibration in Figure 4c was optimal for our purposes. In all experiments reported in the main text, as well as for the ones in this section we experiments around 7-8 times. 
S4.2 Control experiments
S4.2.1 Control experiment online method
We validated the method to online detect the outcome of our reactor using a standardized off-line measurement of our lab. The outlet tubing of the CSTR was pushed through the tube holder of a Bio-Rad 2110 fraction collector and a carousel was loaded with 80 Eppendorf tubes, each containing 150 µL of 0.1 M KHSO 4 to quench the reactions in the CRN by lowering the pH to 1.
We reproduced one of the experiment reported in Figure 4a . During the experiment, droplets were collected at regular time intervals (10 min at a flow rate of 60 µL/h). We used a bigger reactor (volume 231.2 L) for this offline experiment than reported in the main text to enhance the droplet production speed. The contents of the Eppendorf tubes were analysed using the assay described in S2.1. can observed in the first peak (signal at t 1h).
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S4.2.2 Confirming influence R 2
We quantified the transition times by dividing the amount of oscillations occurring in the relaxation period over the total amount of oscillations in 40 hours (Figure 4.3a) . The trend in Figure 4 .3a shows that the relaxation period is inversely proportional to the inhibition rate constant, indicating that a shorter transition time is a consequence of a more resilient network. To confirm that an enhanced resilience can be attributed to the tuning of R 2 on the Pro-I, we performed a similar experiment using another network that has a propyl modified inhibitor. Figure 4d shows that also CRN 9 reaches the oscillatory state in a relatively short relaxation period. 
